Abstract:
Introduction 32
Multi-element contaminated sites resulting from anthropogenic activity are of serious concern as:
33
(1) these types of contaminants accumulate and persist in the environment, (2) complex chemical The solid phase distribution of elements (Al , As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mo, Mn, 173 Na, Ni, P, Pb, S, Sb, Si, Se, Sr, V and Zn) was investigated using a modified non-specific sequential 
Element measurement by Inductively Couple Plasma-Mass Spectrometry

186
Water-extractable, aqua regia and CISED samples were 0.45μm 25mm nylon syringe filters, diluted 187 4 times with 1% HNO3, spiked with 5 μg mL -1 of internal standard mix (Se, Ge, Rh, and Bi), and 188 subsequently measured for elements listed above using an Inductively Couple Plasma-Mass recovery corrections were made as the mean repeatability (expressed as relative standard deviation 197 %) of the guidance material (BGS102) was below 15% for individual elements. Sample 8 was
198
removed from subsequent data analyses, as it did not meet the data quality control criteria. components into the common, distinct soil phases (i.e. residual pore salts and exchangeable phases).
216
Briefly, a matrix with mean-centered and scaled CMP and PRF, as described above, of each https://www.r-project.org/). The result from the clustering was visualized using a heatmap (Fig. 2) 220 created using ggplot2, reshape2, grid, and ggdendro packages (Wickham, 2007; Wickham, 2010 
235
Spatial autocorrelation between samples due to sampling design tested positive using the 'mso' 236 function in the 'vegan' package. Thus, it was accounted for using partial redundancy analysis,
237
conditioning for sampling location. Reported adjusted redundancy statistics R 2 were obtained using 238 the 'RsquareAdj' function of the 'vegan' package.
239
The relationship between elements in the water-extracts, bioavailable Cu and the common CISED 240 identified soil phases was not reported as it is generally assumed that soil particle associated- Mn-Al oxide-this cluster is dominated by Mn and Al elements and tends to be extracted upon 295 addition of peroxide, a reagent commonly known to target Al oxides.
296
Two distinct clusters of Fe oxides were identified and suggest the presence of both amorphous and 
Solid Phase Distribution of Cr, Cu and As in soil 305
Chromium, Cu and As at this site were associated with specific soil phases along the contamination As).
315
Cr is almost exclusively found in the least reactive phase, in the crystalline Fe oxide. In the low 316 contamination, particularly in samples coming from location 9, Cr is present in the exchangeable 317 (avg. 78± 11 %) and Mn-Al oxide (avg. 22±11 %) phases. In the high contamination, at location 3, contamination, some Cr is found in the amorphous Fe oxide phase (avg. 18 ±8 %) at location 8 and 320
2.
321
Cu is primarily found in Mn-Al oxides and to a lesser extent, the Fe oxide (amorphous) phases in 322 the lower end of the contamination gradient. In the moderate and high contamination, Cu is almost 323 exclusively found in the carbonate phase (tentative designation) (avg. 57±29 %)... At location 9
324
(avg. 33±25 %) as well as locations 3 (avg. 17±8 %) and 4 (avg. 18±6 %), a portion of the Cu is 325 found in the exchangeable phase.
326
The As solid phase distribution pattern along the contamination gradient was more variable. At low and As in soil as shown with partial redundancy analyses (Fig. 4) 
